Background and purpose: The goal of this study was to investigate the rate and associated factors of Transient Ischemic Attack (TIA) misdiagnosis. Methods: We retrospectively analyzed consecutive patients with an initial diagnosis of TIA in the emergency department (ED) in a 9-month period. All hospitalized TIA patients were evaluated by a neurologist within 24 h and had at least one hospital discharge follow-up visit within three months. Patients' clinical data and neuroimaging were reviewed. The final diagnosis was independently verified by two stroke neurologists. Results: Out of 276 patients with the initial diagnosis of TIA, 254 patients (mean age 68.7 ± 15.4 years, 40.9% male, 25.2% final diagnosis of TIA) were included in the analysis. Twenty-four patients (9.4%) were referred to our rapid-access TIA clinic. The rate of TIA misdiagnosis among TIA clinic referred patients was 45.8%. Among the 230 patients in inpatient setting, the rate of TIA misdiagnosis was 60.0%. A hospital discharge diagnosis of TIA was observed in 54.3% of hospitalized patients; however, only 24.8% had the final diagnosis of TIA. Among hospitalized patients, the univariate analysis suggests a significant difference (P < .05) between the two groups (correctly versus misdiagnosed patients) in terms of hospital discharge diagnosis, final diagnosis, history of diabetes mellitus, and coronary artery disease. In regression model hospital discharge diagnosis (P < .001), final diagnosis (P < .001), and diabetes mellitus (P = .018) retained independent association with TIA misdiagnosis. Conclusion: Our study indicates a high rate of TIA misdiagnosis in the emergency department, hospital, and outpatient clinics.
Introduction
A diagnosis of transient ischemic attack (TIA) is heavily dependent on the patient's history and risk factors. TIA is described as a transient focal neurologic dysfunction that caused by ischemic etiology in brain, spinal cord or retina; in the absence of acute infarction [1] . However, confirming or ruling out the diagnosis of a TIA can be challenging due to the subjective nature of findings in most patients [2] . Resolution of TIA signs and symptoms by the time of emergency department (ED) evaluation creates a substantial diagnosis obstacle [3] .
The ABCD 2 scoring system has been introduced as a useful clinical tool to risk stratify TIA patients and identify patients who have a higher risk for a subsequent stroke [4] . However, many in-hospital clinical providers do not regularly apply this scoring system and request a complete work-up for every patient with a suspicious diagnosis of TIA [5] . Accurate diagnosis or suspicious of TIA has become essential in stroke prevention due to the correlation between a TIA event and subsequent stroke [6] . However, TIA overdiagnosis may expose a higher number of patients to unnecessary diagnostic and therapeutic measures such as CT angiography, carotid endarterectomy, and antithrombotic agents [7] . Given a high estimated incidence rate of TIA in the United States, ranging from 200,000 to 500,000 patients per year [8] , a high rate of misdiagnosis can turn into a health system challenge [9] . Furthermore, It has been shown that TIA may reduce patient survival rate up to 4% in the first year after index event and also up to 20% in a long-term 9 years follow up course [10] . While other studies have described signs and symptoms which may correlate with misdiagnosis of stroke [11] , there is limited knowledge regarding the actual rate of TIA misdiagnosis and associated clinical factors. In this study, we aimed to investigate the rate and associated T factors of TIA misdiagnosis in our health system.
Materials and methods
We retrospectively analyzed consecutive patients who received an initial diagnosis of TIA in the ED in one of our three tertiary stroke centers or our single TIA clinic in central and northeast Pennsylvania during a 9-month period. Our integrated healthcare system includes an extensive network of hospitals and clinics which serves a large population of around 90% white ethnicity with over one million active patients in central and northeast Pennsylvania.
We included patients who were hospitalized with the admission diagnosis of TIA in one of our three tertiary stroke centers or patients who were referred to our dedicated TIA clinic with the referral diagnosis of TIA. Per our TIA protocol, every patient who presentes to the emergency room with TIA-like symptoms should be admitted for at least 24 h observation. Medically stable patients with ABCD 2 score of 3 or less without any acute imaging findings as well as patients who had their onset of symptoms > 72 h before the hospital or primary care presentaion could be referred to our rapid access TIA clinic. Every patient had an MRI (magnetic resonance imaging), including DWI (diffusion-weighted imaging), within 3 h to 48 h after symptoms onset, that was negative for an acute or subacute stroke or other acute central nervous system lesions. Each patient had presented with a transient focal neurological deficit that lasted < 24 h. All hospitalized TIA patients were initially evaluated by an ED physician and subsequently by a general neurologist within 24 h. None of the neurologists who initially visited TIA patients in the ED were involved in the final diagnosis making process. Every patient had at least one hospital discharge follow-up visit with a board-certified neurologist or vascular neurologist within three months. The majority of the patients had a follow-up visit at our hospital-discharge stroke clinic; however, several patients had follow-ups in general neurology or primary care offices. Patients who did not have brain MRI or an outpatient follow-up visit were excluded from this study. We manually reviewed all the patients' baseline characteristics including demographics, initial presenting symptoms, vascular risk factors, as well as clinical work-up. We also reviewed DWI, FLAIR, T2*-weighted gradient recalled echo (GRE) sequences and CT scan.
We recorded the hospital discharge diagnosis and final diagnosis for every suspected TIA patient who was admitted to the hospital. The hospital discharge diagnosis were recorded as "TIA Mimics", "possible TIA" and "TIA" based on the patients' discharge summary, neurology consultation notes, and problem list. The hospital discharge diagnosis was recorded as "TIA Mimics" for cases where the inpatient neurology provider ruled out the diagnosis of TIA or considered that as unlikely due to other convincing diagnoses. Furthermore, the hospital discharge diagnosis was recorded as "possible TIA" when the diagnosis of TIA could not be ruled out and other possible differential diagnoses (e.g., seizure, migraine headache) were equally considered.
The final diagnosis was made independent of the hospital discharge diagnosis. Among patients who had a hospital discharge follow-up visit outside of our hospital-discharge stroke clinic, the final diagnosis was made by consensus between our stroke research fellow (AS), and one of our vascular neurologists (NE) who reviewed the cases independently. For remaining patients who were seen in our hospital-discharge stroke clinic by one of our vascular neurologists, the final diagnosis was indepedently verified by our stroke research fellow based on all clinical information. In either situation when there was not a consensus a second vascular neurologist (RZ) reviewed the case and acted as a tiebreaker. When the final diagnosis of TIA could not fully be excluded, the diagnosis was marked as "possible". We acknowledge that TIA does not have reliable clinical biomarkers and it is a clinical diagnosis. Therefore, we extensively reviewed every patient's demographic, past medical history, neuroimaging, and other clinical data in order to make or verify the final diagnosis. We also carefully reviewed the patients initial symptoms, sequence of the evenets, duration of symptoms, the nature of symptoms (focal vs. non-focal), corresponding vascular territory, anatomy of symptoms, associated symptoms, and other possible diffrenetial diagnoses to verify the final diagnosis (Table 1 ). Correctly diagnosed patients included patients in whom the final diagnosis was consistent with discharge diagnosis. Otherwise the patient was labeled as misdiagnosed. The collected data underwent a quality review by the corresponding author (RZ). Correctly diagnosed patients included patients in whom the final diagnosis was consistent with discharge diagnosis. Otherwise the patient was labeled as misdiagnosed ( Table 2 ). The Institutional Review Board of Geisinger approved this study; written informed consent was waived.
Statistical analysis
We summarized all continuous variables as mean ± SD (normal distribution) and as median with IQR (skewed distribution). We summarized all categorical variables as percentages with their corresponding 95% CIs. We performed statistical comparisons between two groups using the χ2 test or, in the case of small expected frequencies, Fisher's exact test. We compared continuous variables using the unpaired two-sample t-test. P˂0.05 was considered statistically significant. We used a multiple logistic regression model to evaluate potential associations between the TIA misdiagnosis (a binary dependent variable) and associated factors. We used a cut-off of P < .2 for selecting variables for the regression model. We also performed a stepwise regression analysis using all collected clinical and investigation data. We used SPSS 24.0 (Chicago, Ill., USA) for all our statistical analysis.
Results
Out of 276 patients who were initially evaluated for this study, 22 patients with unavailable outpatient follow-up data or brain MRI were excluded from the study. There was no significant difference between included and excluded patients in terms of age, gender, and racial distribution. A total of 254 patients (mean age: 68.7 ± 15.4 years old, 40.9% men, 95.7% Caucasians, 25.2% final diagnosis of TIA) with the admission diagnosis of TIA were included in our statistical analysis (Table 3) .
Out of 254 patients, 164 patients (71.3%) were evaluated or had a hospital discharge follow-up in our hospital-discharge stroke clinic. The remaining (28.7%) had a hospital discharge follow-up either in general neurology clinic or a primary care office. The inter-rater agreement for the final diagnosis of TIA was 80.9% (κ = 0.62). Out of 254 patients, 24 patients (9.4%) were directly referred by primary care physicians to our TIA clinic. Of them, 13 (54.2%) patients had the final diagnosis of TIA or possible TIA. The rest of the patient were diagnosed with TIA mimics (Fig. 1). 
Misdiagnosis among hospitalized TIA patients
Among 230 patients who were hospitalized with an admission diagnosis of TIA, 125 (54.3%) patients were discharged with a diagnosis of TIA (discharge diagnosis). However, only 57 (24.8%) retained this diagnosis after being seen in hospital-discharge stroke clinic (final diagnosis) (Fig. 1) . Only 92 (40.0%) patients had a final diagnosis that was the same as the discharge diagnosis. That refers to a misdiagnosis rate of 60.0%. Overall 96 (37.8%) patients had the final diagnosis of TIA mimics. Fig. 2 represents main alternative discharge diagnoses for all studied inpatients and outpatients in our cohort.
Of the 230 hospitalized patients only seven patients required an intervention (cerebral angiography, cardiac catheterization, gastroesophageal endoscopy, carotid stent placement, and carotid endarterectomy) that justified a hospitalization. None of the procedures were done urgently (within 24-h). None of the patients had an acute proximal cerebral large vessel occlusion. Four patients were found to have atrial fibrillation on the heart monitor during the hospitalization. We also observed that 25.0% of patients in whom the diagnosis of TIA was excluded were still carrying the TIA diagnosis in their problem list at the time of this study.
Associated factors with TIA misdiagnosis
Among hospitalized patients (N = 230), the univariate analysis suggests a significant difference (P < .05) between the two groups (correctly diagnosed versus misdiagnosed patients) in terms of hospital discharge diagnosis, final diagnosis, history of diabetes mellitus, and coronary artery disease (Table 4) .
Correctly diagnosed patients included patients in whom the final diagnosis was consistent with discharge diagnosis. Otherwise the patient was labeled as misdiagnosed. We did not observe any significant differences between the two groups regarding the primary presenting TIA symptoms (unilateral arm weakness, unilateral leg weakness, aphasia, dysarthria, facial droop, unilateral arm numbness, unilateral leg numbness, facial numbness, sudden true vertigo, diplopia, ataxia, hemianopia visual disturbance, and mono-ocular blindness).
The following variables were selected for inclusion in the multiple logistic regression model based on their significance (P < .20) on univariable analysis: discharge diagnosis, final diagnosis, diabetes mellitus disease, hypertension, history of stroke, cancer, and coronary arterial disease, as well as taking oral anticoagulants before the event. In our regression model three variables including discharge diagnosis (P < .001), final diagnosis (P < .001), and diabetes mellitus disease (P = .018) retained their independent association with TIA misdiagnosis.
We also performed a stepwise regression analysis using all collected clinical and investigation data. The results of our stepwise regression were similar to the multiple logistic regression model however the latter selected the history of coronary arterial disease (P = .008). The model excluded all the initial TIA symptoms.
Discussion
Our study suggests a high rate of TIA misdiagnosis in inpatient or outpatient setting. In our cohort, only 25% of patients had the final diagnosis of TIA. < 50% of hospitalized TIA patients who were discharged with the diagnosis of TIA, had the same final diagnosis. This high rate of misdiagnosis could be attributed to various factors. Former studies have shown a relatively low rate of consensus on TIA diagnosis among physicians [2] . This low level of agreement might be related to physicians' different level of clinical experience, subjective nature of TIA diagnosis in the absence of any reliable biomarkers, as well as differences in TIA definition [12] . TIA diagnosis relies heavily on the patients' history of present illness which is not always easy to obtain thoroughly specially in the emergency setting. At the same time, not all the TIA related work-up results are available before the hospital discharge; therefore, outpatient follow-up in a designated stroke/TIA clinic might result in a different diagnosis. The combination of the above and the fact that TIA patients have a higher risk of future cerebral ischemic events [13] , contribute to TIA misdiagnosis. Although the costs of TIA misdiagnosis are asymmetrical, since misdiagnosis of a TIA patient as non-TIA has a significantly different consequence than incorrectly hospitalizing a relatively healthy patient, misdiagnosis of TIA is associated with unnecessary admission and diagnostic procedures. It also causes more anxiety and stress for patients and their families. Similar to this study, we previously showed that there is a relatively high rate of stroke misdiagnosis in the emergency department [14, 15] that can be associated with significant cost burden [16] .
A well-organized rapid access TIA clinic can relocate the care for low to medium-risk TIA patients from an inpatient hospital setting to an outpatient setting. There has been evidence that this practice is safe, cost-effective [17] [18] [19] [20] [21] [22] [23] , and may improve the outcome [24] . Our results also indicated that only a small number of patients (4.3%) required an intervention or had a diagnosis (atrial fibrillation while on a heart monitor) that could have justified an inpatient hospitalization. Nevertheless, none of the procedures were done urgently, and probably the same plan of care could have been arranged in an outpatient setting. Our experience from our new TIA clinic in Geisinger has indicated that this practice is feasible. Establishment of a TIA clinic may help to reduce the rate of TIA misdiagnosis and improve the outcome as the patients are evaluated urgently by a TIA expert team and will have a rapid diagnostics and early initiation of treatment and secondary prevention. This should be emphasized that many of the patients with the referral diagnosis of TIA will have a different final diagnosis and the timely recognition of alternative diagnosis can also be important.
We observed that the problem list had not been corrected in 25% of patients. The way that the patient problem list is documented in the medical record is of high importance. Generally, the problem list is a determinant of patient's active health concerns and provides physicians with a clinical clue for the planning of accurate treatment steps [25] . Fig. 2 . Main alternative discharge diagnoses for all studied inpatients and outpatients in our cohort.
A. Sadighi, et al. eNeurologicalSci 15 (2019) 100193 Former studies have emphasized the value of patient problem list for promotion of patient health care [26, 27] and its practical usage in the prevention of erroneous therapeutic plans [28] . Although other studies have reported that TIA symptoms might be helpful in differentiation of TIA from non-TIA lesions [29, 30] , we did not observe any differences between correctly diagnosed patients and patients in misdiagnosis group in terms of emergency department presenting symptoms. Similar to the previous report [7] , we did not find statistically meaningful differences considering ABCD 2 score between correctly diagnosed patients and patients in misdiagnosis group. The latter finding supports the idea that such clinical risk definition tools should be applied to correctly selected patients instead of a general tool for screening all patients in emergency departments. In our study, the final diagnosis was the most significant factor associated with misdiagnosis of TIA. Patients with the final diagnosis of TIA had a significantly lower rate of misdiagnosis. The overdiagnosis of TIA is the main reason for this observation. It is also evident that the rate of misdiagnosis depends on the disease classification and definition. For example, if we combine the two diagnoses (possible TIA and TIA) the misdiagnosis rate among hospitalized patients in our study will drop to 35.7%. In any case, obtaining a detailed history and appropriate work-up while considering other risk factors for a TIA or TIA mimics can reduce the rate of TIA misdiagnosis.
Our study had several limitations. First, this study had a retrospective design; although, the clinical and neuroimaging data were collected prospectively. Therefore, there is a potential risk for selection bias. Second, while our study provides the largest cohort on this topic so far, it is a single-system study. Although we studied a large inpatient cohort, the number of patients whom were primarily evaluated in our TIA clinic was small. We were not able to reliably extract patients whom might have had primary presenting TIA symptoms but were missed in initial admission evaluation, as well.
In conclusion, our study indicates a high rate of TIA misdiagnosis in the emergency department, hospital, and outpatient primary clinics. Patients with the final diagnosis of TIA had a significantly lower rate of misdiagnosis.
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